The problem as to whether the respiratory centers of fishes are endowed with the ability to discharge with inherent rhythmicity or not seems not to have been extensively studied.
We have not been able to find any paper except that of Adrian and Buytendijk (1) in this field of research.
They studied this problem on the goldfish, and recorded slow potential changes with the respiratory rhythm from the isolated brain stem (optic lobes and medulla oblongata) of the animal. They are of opinion that this slow potential change reflects a slow development and decline of the excitatory state of the nerve cells in the respiratory centers, and that the rhythmic activity of the respiratory centers can occur in the entire absence of sensory impulses.
Recently we have studied the problem related to the automaticity of the respiratory centers on the catfish as well as carassius auratus by means of methods which are different from those used by the authors described above; the results of the experiments are reported in the following: recurring rhythmically and consisting of spike discharges were detected, when the tip of the electrode reached the depth of1.5-2.0mm., which was half of the dorsoventral diameter of that region of the brain stem. The rhythm of the volleys was the same as that of the movements of the gill cover, and two kinds of volleys could be observed:
METHODS
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the one was produced simultaneously with the adduction of the gill cover, the other with the abduction; and the former was produced more frequently than the latter. Both adductory and abductory neurons were intermingled together in the region concerned.
As regards the pattern of discharges, a trapezoidal pattern (3) was most frequently observed in adductory and abductory neurons, while a rectangular or steady pattern was observed only in rare cases. The examples are shown in figs.2and3.
In the former the volleys were produced during the abduction of the right gill cover, recurring with the rhythm of47per minute and consisting of37spike discharges, the frequency of which was67per second at the stage of constant frequency of the volley. In the latter the volleys were produced during the adduction of the gill cover concerned, and they were detected by varying the depth of the tip of the electrode, when about30minutes had elapsed after the detection of the volleys shown in fig.2 .
The volleys recurred with the rhythm of72per minute and consisted of22spike discharges, the frequency of which was60per second at the stage of constant frequency of the volley.
After the volleys described above had been recorded, the electrode was drawn out and the trigeminal nerve which had been left intact, was cut at its root. The movements of the gill cover then instantaneously stopped. The brain stem was now completely isolated from the rest of the body. The electrode was then again inserted into the same region as before; the volleys were in general detected by several trials, and in rare cases only by one trial. The example is shown in fig.4A . The record was obtained3minutes after the isolation of the brain stem.
The volleys recurred with the rhythm of54per minute . The frequency of these volleys was at the stage of constant frequency50per second and the number of spikes was21-25in a volley. Two minutes afterwards , as shown in fig.4B , the duration of the volleys was remarkably shortened (0 .21-0.30sec.) and the rhythm of the volleys was accelerated (70per minute) , although the number of spikes in a volley was decresed (9-14).
On the whole , the behavior of the volleys was roughly similar to that observed immediately before the isolation of the brain stem. Soon thereafter the decline of the discharge occurred and became more and more pronounced with the elapse of time; both the number and frequency of spikes in a volley were gradually decreased, and the rhythm of the volley became gradually slow and irregular, although the volleys, which were increased in number and frequency of spikes , were only occasionally interpolated.
About30minutes after the isolation of the brain stem, volleys consisting of only several spikes were produced with a slow and irregular rhythm.
Such a transient survival of the isolated brain stem would be due to the deteriolation of that region, which was brought about by circulatory and respiratory failure. Similar results were obtained in5cases. The volleys were also detected from the region described above in the brain stem removed out of the cranial cavity.
In these cases, the volleys were irregularly produced and their behavior was similar to that observed late in the desclining stage of the discharge detected from the brain stem isolated and left in the cranial cavity.
From the results described above it is highly probable that the volleys were detected from the respiratory centers or from their centrifual pathways, and that the centers are endowed with the automaticity.
LOCALIZATION OF MICROELECTRODE SITE
The localization of the microelectrode site was histologically examined in one experiment, the results of which are shown in figs.2, 3 and 4. The brain stem was fixed with formalin, embedded in paraffin, transected serially in thickness of 30 micra and stained by Nissl's method. In the section of the brain stem* transected at the level of circle S (see fig.1 ), the trace of the electrode was perceptible as a tissue defect filled with blood ( fig.5) .
Judging from this trace the electrode had been inserted at the medial border of the cerebellar crest dorsoventrad, till its tip reached the region situated just dorsomedially to the spinal tract of the trigeminal nerve, as well as dorsally to the substantia gelatinosa Rolandi.
The nerve fibers, of which the acoustico-lateral decussation consisted, passed through the region concerned, and the small nerve cells lay scattered among the fibers. The results described above suggest that the respiratory impulses might be produced in the small cell group lying scattered in the acoustico-lateral decussation, or detected from the centrifugal pathways of the trigeminal nucleus.
As regards the precise localization of the respiratory centers of the catfish, it remains to be solved. shown in fig.6B . The microelectrode was then inserted dorsoventrally into the region (marked with S in fig.6B ) which was situated rostrolaterad to the lobus impar.
When the tip of the electrode reached the depth of1.5-2mm., volleys were detected, and the rhythm of the volleys was the same as that of the movements of the gill covers.
Two kinds of volleys were classified as in the case of catfish: the one was produced simultaneously with the adduction of the gill covers, the other with their abduction; and the former appeared more often than the latter.
The patterns of impulse discharge were similar to those in the catfish. The examples were shown in fig.7 . In fig.7A the volleys recurring with the rhythm of72in a minute were produced from a single adductory neuron.
The frequency of impulses in a volley was120per second, In fig. 7B the volleys recurring with the rhythm of 103 in a minute were produced from a single abductory neuron, and the impulse frequency was at the stage of constant frequency111per second. After the action potentials described above had been recorded, the electrode was drawn out, the region of the brain situated rostrad to the cerebellum was removed, all the brain nerves were cut, and the medulla oblongata was transected at its caudal end. The result was that the movements of the gill covers ceased completely.
The electrode was then again inserted into the region mentioned above, In successful cases the volleys were detected about several minutes after the manipulation of the electrode. The examples are shown in fig.8 . In this case the volleys consisting of12spikes, the frequency of which was22per second, were produced rhythmically and recurrently, although volleys which were increased in number and decreased in frequency ( fig.8B ) were occasionally interpolated.
The number and frequency were always smaller than those before the isolation of the brain stem.
With the elapse of time, the ability of the brain stem discharging impulses fell gradually into decay, till at last it was completely abolished about20minutes after the isolation of the brain stem. In another4cases similar results were obtained. 1) When at the region of the boundary of the acoustic tubercle and the facial lobe in the catfish, and at the region situated rostro-laterad to the lobus impar in the crucian carp, the microelectrode was inserted dorsoventrally half of the length of the dorso-ventral diameter of that region , the volleys consisting of spike discharges were detected recurrently with the rhythm of the movements of the gill covers.
2) The histologic studies revealed that the tip of the electrode reached the region situated dorsad to the substantia gelatinosa Rolandi which was located dorsad to the motor trigeminal nucleus.
3) In the brain stem which was isolated rostrad from the lobus opticus and caudad from the spinal cord, and in which all the brain nerves were cut , the volleys whose aspect was similar to that of the volleys observed before the isolation of the brain stem were detected from the region described in2) .
4) From the results described above, it was concluded that the respiratory centers of the catfish, as well as those of the crucian carp , are most probably endowed with the ability to discharge with inherent rhythmicity.
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